and fine structured infrared spectra have enabled us to assign accurately the vibrational configurations between Si and H.
The results are applicable to the amorphous hydrogenated silicon (a-Si:H) where the Si-H vibrational configurations are not yet well understood.
We have found that rf-sputtering in H2 atmosphere can fabricate films of crystallized hydrogenated silicon (c-Si:H) [l] . The films thus obtained reveal several interesting features and properties.
Due to crystalline nature of the film, the infrared (IR) spectra of Si-H vibrations are composed of well separated peaks.
Present paper aims to describe a contribution of the IR spectra for better understanding of the Si-H vibration in amorphous hydrogenated silicon (a-Si:H) . The c-Si:H films were prepared by rf-sputtering in a NEVA FP-21 diode sputtering apparatus under H2 pressure (3-5) x 10-I Torr with n rf-power ranging from 1.2 to 3.6 w/cmL. The Si crystalline substrates were water cooled or heated up to 250°C.
Depending upon these parameters, c-Si:H films with variety of IR properties can be fabricated. As an example, IR spectrum of a c-Si:H film deposited on a water cooled substrate is shown in Fig.1 together with that of an a-Si:H film for comparison. The a-Si:H film was fabricated by conventional sputtering in Ar+H2 atmosphere. For the assignment of these peaks, the above situation is of great help since, if one assumes the absorption at 2000 cm-l is due to an isolated ESi-H bond stretching, we only have to consider =Si=H 2' -SiEH3 and their combinations, namely, seven configurations (five =Si=H2 related and two -S~E H~ related ones) as illustrated in Fig.3 . An IR study [2] on Si-H stretching modes in substituted silane molecules has indicated that the stretching frequency v~~-~ can be expressed by the following empirical equation:
i=l where a and b are constants, E(Ri) is a measure of the electronegativity of the i-th substituted atom or group R i'
The applicability of the empirical relationship to the Si-H stretchig frequency in a-Si:H has been claimed by Lucovsky [3] who has -1 estimated YSi-H(in cm ) through under written expressions in the following three types of substituted silane molecules: SiHXYZ, SiH2XY and SiH3X, where X I Y and Z represent substituted atoms or groups.
where SR(R) is stability-ratio electronegativity of the substituted atom or group R.
Defining R's indicated by the dotted rectangles (Fig.3) , we calculated the SR(R)'s in the seven configurations and from equations (2)and (3) estimated USi-H'~ which are listed in Table 1 with assigned experimental values taken from the peak positions in Fig.2 . to the air or oxidation.
The appropriateness of the assignment and also effectiveness of (2) and (3) are recognized from the apparent linear~relation between electronegativity sunCSR(R) and VSi-B(SiH2XY and SiH3X)shown in Fig.4 -open circles represent p 's in substituted silane molecules Si-H reported in the reference [ 3 ] .
From equation (1) and taking X, Y and Z as sole Si atoms, V , i -~ for an isolated ZSi-H configuration is calculated to be 2013 cm-l, which supports the above made assumption of to the an isolated absorption ESi-H at within 2000 cm-I experi-due mental error. Further, an annealing experiment On the c-Si:H film at 400°C for 30 min. confirmed the assignment of the -SiZH3 related stretching %,-,, (SiH3 K) . Namely, as shown in Fig.2 (b) , three peaks at 2105, 2135 and 2155 -1 cm disappeared indicating that -SiEH3 configuration was destroyed by the annealing. , , 2100 -1 cm developed. However, the absorption at 2085 cm-l assigned to an isolated =Si=H2 (or a. in Fig.3 ) changed little, -if any, and consequently no development of the new absorption at 2270 cm-I which was calculated to be due to the attach-1000 ment of electronegative oxygen atom to the 2100 cm-l con£ iguration.
With this information it is possible to predict the stability of a-Si:H films to the degradation by the oxidation or oxygen-inclusion [4] .
In fact, unstable films exhbit intense absorption at 2100 cm-l, while tne films with 2085 cm-l like films fabricated by glow discharge technique are certainly stable. Fig.5 : IR spectra of To show this, two a-Si:H films, a-Si:H films deposited whose IR spectra are shown in Fig.5 , by diode and triode were exposed to the air. One specimen sputtering .
(2SP) which indicates obvious peak at 2100 c m ' l was fabricated by diode sputtering in Ar+H2 atmosphere and suffered severe degradation in its photoconductivity due to oxygeninclusion [41, which resulted in both the decrease in 2100 cm-' and the development of 2270 cm-' absorptions. However, the other one (4SP) fabricated by tetrode sputtering did show no detectable effect.
We have shown that the present c-Si:H films provide good opportunities for the detailed study of Si-H vibrational configurations in solid which helped to understand IR spectra of a-Si:H films in more realistic way than did the study of the substituted silane molecules-mainly the stretching vibrations are reported and the detailed information on the bending and wagging vibrations is soon published elsewhere.
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